Decapentaplegic has long been thought to be a morphogen that controls patterning and growth in Drosophila wings, but hard evidence for the requisite long-range action has only now come from two new studies. [5, [7] [8] [9] [10] .
Most of the evidence that Dpp acts as a morphogen comes from experiments with the wing precursors, also known as wing imaginal discs [11, 12] . These epithelial pockets grow dramatically during larval stages and, at metamorphosis, undergo morphogenetic movements to form the adult wings. Although Dpp is expressed in a central band of cells, along the anterior-posterior boundary, dpp mutant flies completely lack wings, while clones of ectopically expressing Dpp cells recruit surrounding non-expressing cells to take part in an ectopic wing [13] . All the evidence supports the idea that Dpp spreads from its stripe of expression to form a concentration gradient that organises patterning -for example, the position of longitudinal veins -and drives growth in wing precursors. Two recent papers [14, 15] now report direct evidence that Dpp acts at a long range to control growth.
Studies of Dpp have been hampered by the lack of suitable antibodies and by difficulties in inducing null mutant clones. Determining the endogenous distribution of mature Dpp remains an outstanding challenge. Thanks to new technology, however, controlling Dpp in vivo has become a lot easier, allowing basic questions about the role of Dpp in patterning and growth to be revisited. One such question concerns the relationship between Dpp signalling and growth. It has been recognised for some time that this relationship cannot simply be linear, because signalling activity is graded, while proliferation is approximately homogenous throughout the imaginal disc [16] .
Although several models have been proposed to explain this conundrum, no consensus has been reached. It was initially proposed that the slope of the signalling gradient could be the driver of proliferation. Later, it was suggested that only the central region of the disc (also known as the pouch, which gives rise to the wing proper) responds to graded Dpp signalling, while the lateral region (which gives rise to the hinge) would respond to absolute signalling [16] . Subsequent experiments, however, showed that uniform signalling sustains normal proliferation in the pouch and triggers overproliferation in the lateral region. This led to the suggestion that the pouch and lateral region have inherently different basal proliferation rates, which are equalised by the Dpp gradient, the socalled 'growth equalisation' model [17] . A competing 'temporal rule' model posits that, at every position within the gradient, Dpp signalling continuously increases over time and that each cell divides in response to the relative rate of increase [18] . In their new work, Akiyama et al. [14] and Harmansa et al. [15] took a step back and used novel methods to ask if the spread of Dpp is important for growth.
The classic way of making null mutant tissue in Drosophila requires that heterozygous animals be viable, which is not the case for dpp. Akiyama et al. [14] [14] used UAS-Flp and specific Gal4 drivers to express Flp, and hence delete dpp, in defined spatial patterns. Combining dpp-gal4 with UAS-Flp is expected to delete dpp from its normal domain of expression (as illustrated in Figure 1 ). Yet, this had surprisingly little impact on imaginal disc growth. Staining of these larvae with the anti-prodomain antibody suggests that the Dpp stripe was largely abrogated. However, it also showed spotty residual Dpp expression in the lateral region. The authors suggest that, even though this residual expression cannot generate a normal gradient, it provides sufficient signalling activity for growth. By contrast, because the target genes that specify vein position are no longer expressed in this genetic background, they suggest that the stripe of Dpp (and hence the Dpp gradient) is required for normal expression of vein-specifying genes and by inference wing patterning.
The authors' conclusion that the stripe of Dpp is dispensable for growth is provocative but at odds with the paper of Harmansa et al. [15] . Moreover, as they themselves show, excision with nub-gal4 (a pouch specific-driver) abrogated growth, despite leaving residual expression resembling that seen with dpp-gal4. Therefore, in this instance, residual expression at the edge of the pouch does not suffice for growth. As is often the case in Drosophila research, the devil is in the driver and it will be necessary to demonstrate that, with the dpp-gal4 UAS-Flp combination used, the Dpp stripe is indeed completely removed at the relevant time.
To interfere with Dpp gradient formation, Harmansa et al. [15] took a completely different tack, as outlined in Figure 1 . Instead of deleting the gene in specific regions, they aimed to control the spread of the Dpp protein itself, using a transgenically expressed membrane-tethered single chain antibody (nanobody). Because no antiDpp nanobody was available, they took advantage of anti-GFP to tether GFP-Dpp. This would have been particularly powerful if GFP-Dpp had been expressed from the endogenous locus; but so far this has not been achieved and the authors therefore relied on the earlier observation that overexpression of a GFP-Dpp fusion protein under the control of dpp-gal4 forms a gradient and rescues growth and patterning in dppd8/d12, an allele combination that specifically affects the function of Dpp in wing precursors [19, 20] . Importantly, the range of this gradient was severely reduced by coexpression of membrane-tethered anti-GFP from a second transgene. Moreover, pMad immunoreactivity, a marker of signalling activity, became restricted to the dpp-gal4 domain. Therefore, the membrane-tethered anti-GFP nanobody prevents the spread of GFP-Dpp and confines its activity, as intended.
Having established the efficacy of the nanobody, Harmansa et al. [15] assayed its effects on growth and proliferation. At the third instar, the density of mitotic cells was similar to that in control discs. Superficially, this suggests that the rate of proliferation is independent of Dpp spreading; however, overall disc size was clearly reduced. Morphometric measurement suggests that this was largely due to a loss of pouch tissue while the lateral region retained its normal size. Although direct confirmation, for example by counting mitotic cells throughout larval growth, will be needed, these results suggest that during the main period of disc growth, Dpp controls growth of the wing proper but is dispensable in the prospective hinge. The authors take this as evidence in support of the growth equalisation model. Although the lateral domain is indeed clearly independent of Dpp during the third instar, the relation between the Dpp gradient and growth in the pouch remains to be determined and a role for the relative temporal increase of Dpp signalling cannot be formally excluded. In addition, there is a need to determine when and how the pouch and the lateral region become differentially sensitive to Dpp and whether this is established by the distribution of Dpp at very early stages.
The data presented by Harmansa et al. [15] strongly suggest that Dpp spreading from its stripe of expression is required to sustain growth within the prospective wing but not in the lateral domain. The effect of global removal of Dpp with a conditional allele [14] confirms the essential role of Dpp in growth, although Akiyama et al. [14] suggest that the stripe of Dpp expression (and hence the Dpp gradient) is not required for growth. Instead, low-level unpatterned signalling would suffice for growth (though not to position pattern elements such as veins). As discussed above, there is a possibility that the experimental protocol of Akiyama et al. [14] may not completely remove striped Dpp expression at the time when Dpp controls growth. Highly sensitive assays of endogenous Dpp expression and signalling will be needed to settle this issue. A related, outstanding question concerns the precise timing of Dpp's requirement for growth. This will require new tools to control Dpp signalling at high temporal resolution. In combination with spatially resolved assays of growth, such tools should help determine whether Dpp is required throughout the pouch and/or during the whole period of growth. Such tools could also help identify relevant target genes, paving the way for a molecular understanding of growth control by patterning signals. In this oversimplified view, only the anterior-posterior axis is considered, hence the representation of the disc as a rectangle. Top panel shows the presumed Dpp gradient in the wild type. Bottom left represents an experiment by Akiyama et al. [14] purporting to delete the central stripe of Dpp while leaving residual expression in the lateral region (represented as a spot). Under such conditions, imaginal discs grow nearly normally but fail to express vein-specifying genes in the appropriate pattern. Lower right represents the outcome of confining Dpp to its expression domain as achieved by Harmansa et al. [15] . This leads to lack of growth specifically in the pouch region, which would normally give rise to the wing proper. Growth of the lateral region appears to be impervious to this experimental manipulation.
Sexual dimorphisms are established by sex determination pathways and are maintained during regeneration of adult tissues. Two recent studies in Drosophila elucidate the contribution of cell-autonomous and endocrine mechanisms to the establishment and maintenance of growth dimorphism in larvae and the adult intestine.
Sexual dimorphism is common in animals and can extend to a wide range of morphological, physiological and functional parameters. Males and females can, for example, differ in features as diverse as body size, brain anatomy, commensal microbiota and immune responses [1] [2] [3] [4] [5] . Genetic sex determination cascades have been wellstudied in a number of organisms, and the developmental pathways leading to sexual dimorphism are well understood. However, whether and how these dimorphisms are actively maintained in adult cells has remained unclear.
Critically, it has not been fully resolved whether sexual dimorphisms are established primarily through endocrine mechanisms, or whether sex determination pathways control the sexual identity of cells autonomously in somatic tissues [6, 7] . Two studies in Drosophila now cast new light on these questions [8, 9] . Sexual dimorphism in flies includes large variations in body size and organ plasticity. Drosophila melanogaster females are larger than males, and their intestinal epithelium regenerates at rates that are much faster than in males, both under homeostatic conditions and in response to damage. These features provide an interesting test case to ask whether cell-autonomous or cell-non-autonomous growth dimorphism controls organ and tissue size and regenerative activity. Traditionally, developmental and/or hormonal processes were thought to account for these differences, but increasing evidence suggests that cell-intrinsic mechanisms play important and persistent roles [6, 7] .
The new studies by Rideout et al. [8] and Hudry et al. [9] identify noncanonical sex determination pathways as cell-autonomous regulators of sexual identity during larval development and
